THE VARIABILITY OF BIOMETRIC MEASURMENTS USED TO DETERMINE THE STAND ADAPTATION OF FRAXINUS EXCELSIOR TREES AFTER AFFORESTATION OF DEGRADED LAND BY EROSION by Hoble, Adela et al.
Agricultura – Ştiinţă şi practică                                         no. 1- 2(93-94)/2015                                         Agriculture - Science and Practice  
- 109 - 
 
THE VARIABILITY OF BIOMETRIC MEASURMENTS USED 
TO DETERMINE THE STAND ADAPTATION OF FRAXINUS 
EXCELSIOR TREES AFTER AFFORESTATION OF 
DEGRADED LAND BY EROSION 
 
Hoble Adela*, E. Luca, M. Dirja, P. Marginas 
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 3-5 Calea Manastur St., 
400372, Cluj-Napoca, Romania; *Corresponding author: adela.hoble@usamvcluj.ro 
 
Abstract. The aim of the research is to establish the improvement degree of the degraded 
ecotop through differences registered between expected relative class of production and biometric 
data determined in situ. The biometric measurements (trees height and diameter) were done on trees 
being over 30 years old, the afforestation of degraded land started in 1983. The results characterize 
the increasing gradient of variability factors through exploitation and inappropriate management. 
The research problem looks to establish the effect of stand conditions upon biomass accumulation at 
individual level of trees, knowing that on degraded lands trees could rich a biological potential 
included in maximum the 4th relative class of production.  
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INTRODUCTION 
 
In Romania, land degradation increased with 11.6% during the time period 2006-
2012 years (***PNDR 2014-2020). The first impact of land degradation (erosion and 
landslides process) is observed in the aesthetics of site landscape; the low percentage of 
vegetation cover could be increased by silvicultural improvement works due to aggressive 
site degradation conditions (Clinovschi et al., 2007; Shono et al., 2007).  
The major issue of land degradation process is the instability of the ecosystem 
structure (Margalef, 1975), since climatic factor is continuously changing (Thuiller et al., 
2005). Land degradation is assessed as a natural or human disturbance with losses of 
biological and economic productivity, being a need to develop operational land 
degradation indicators for large regions (García et al. 2008). 
Land improvements refer to investments making land more usable for humans, and 
according with “Millennium Ecosystem Assessment” (2005), the value of the property 
could be increased with afforestation works due to multiple benefits regarding ecosystem 
services, such us: provisioning services (timber), regulating services - water retention in 
canopy or other levels of vertical structure of the stand (Rambal, 1988; Granier et al., 
2000; Ceuca et al., 2014), cultural services (recreation, sanogenesis) and supporting 
services - the root system of trees has influences upon soil formation (Fitter, 1991; Liu, 
1998; Burges et al., 2001; Reubens et al., 2007), trees being with water, air, and soil a 
natural resource and a natural capital.  
The local, regional and national concerns regarding afforestation of degraded land, 
has major role in landscape restoration and faunal conservation, if they are managed as 
components of a heterogeneous landscape mosaic (Chazdon, 2008; Lindenmayer and 
Hobbs, 2004), and biodiversity consequences of habitat change (Gardner et al., 2008). 
 
 
 
Agricultura – Ştiinţă şi practică                                         no. 1- 2(93-94)/2015                                         Agriculture - Science and Practice  
- 110 - 
 
MATERIAL AND METHODS 
 
In this study is described the potential biological value of trees used for 
afforestation of degraded land by erosion, located near Turda City, Cluj County. The 
improvement perimeter, Crairat – Turda Forest District, Cluj County, is an isolated forestry 
land, with a slope between 15 and 30%, with a ground length of 475 m, and with an 
altitude which varies between 330 and 450 m. 
 
Figure 1. Localization of the improvement perimeter, Crairat – OS Turda, Cluj County, with 
geographic coordinate 46o40`N; 23o48`E 
 
The biologic material used for afforestation of degraded land was saplings of 
Fraxinus excelsior, known in English as ash, European ash or common ash and in 
Romanian as frasin european or frasin comun. The improvement works started in 1983, so 
the biometric measurements were done on trees being over 30 years old. The objectives of 
the research study were: (1) delimitation of samples surfaces (circles with 300 m2, resulting 
a radius of 9.77 m); (2) execution of measurements for trees located inside the circular 
samples surfaces; (3) computation of data to establish the results variability. The data for 
statistical analyze was grouped in two categories: samples near the south-east edge (sample 
surface no. 1, no.2 and no. 4) and samples from inside of the afforested land (sample 
surface no. 5, no.6 and no. 8) (Table 1).  
Table 1 
Data inventory regarding the number of trees studied per sample surface 
 
Sample surface No. Total of trees studied per sample surface 
Sample surface no. 1 (near edge) 46 
Sample surface no. 2 (near edge) 34 
Sample surface no. 4 (near edge) 11 
Sample surface no. 5 (inside) 34 
Sample surface no. 6 (inside) 12 
Sample surface no. 8 (inside) 17 
Total 154 
 
The results variability was analyzed through: (a) frequency polygons; (b) statistical 
indices of measurements series (?̅?); (c) dispersion indices of measurements series (s2 – 
variance; s – standard deviation; s% - variability coefficient); (d) differences distributions 
(𝑠?̅? - standard deviation of differences); (e) “t” distribution (comparison between empirical 
and theoretical distributions); (f) simple correlation analyze between trees height [m] and 
trees diameter [cm]; (g) simple linear regressions analyze between trees height [m] and 
trees diameter [cm]. 
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RESULTS AND DISCUSIONS 
 
Frequency (absolute and relative) of measured values regarding the tree height [m] 
of Fraxinus excelsior samples, Crairat improved perimeter (Turda Forest District - Cluj 
County) are showed in table 2. 
In sample surface no. 1(near the south-east edge of the afforested land), the most 
of the measures are around 8.9 m height with a relative frequency of 41.30% from the total 
of 46 surveyed individuals. In the sample surfaces no. 2 and no. 4 (analyzed together, and 
also, near the south-east edge of the afforested land), the trees height is around 7.28 m, 
with a 24 absolute frequency from a total of 45 trees. Inside of the afforested land the trees 
have the most of the heights between 9.0 and 9.3 m (sample surface no. 5), and in the 
mixed stands (sample surface no. 6 and no. 8) the height of ash is between 8.9 and 9.8.  
Table 2 
Frequency of measured values regarding the tree height [m], for Fraxinus excelsior samples, Crairat 
improved perimeter (Turda Forest District - Cluj County) 
 Class intervals [m] Class center [m] Absolute frequency Relative frequency [%] 
S
am
p
le
 s
u
rf
ac
e 
 
n
o
.1
 
1.7-3.3 2.5 8 17.39 
3.3-4.9 4.1 2 4.35 
4.9-6.5 5.7 6 13.04 
6.5-8.1 7.3 11 23.91 
8.1-9.7 8.9 19 41.30 
Total 46 100 
S
am
p
le
 s
u
rf
ac
e 
 
n
o
.2
+
4
 
1.4-3.1 2.24 4 8.89 
3.1-4.8 3.92 2 4.44 
4.8-6.4 5.6 0 0.00 
6.4-8.1 7.28 24 53.33 
8.1-9.8 8.96 15 33.33 
Total 45 100 
S
am
p
le
 s
u
rf
ac
e 
 
n
o
.5
 
8.1-8.4 8.25 3 8.82 
8.4-8.7 8.55 4 11.76 
8.7-9.0 8.85 8 23.53 
9.0-9.3 9.15 11 32.35 
9.3-9.6 9.45 8 23.53 
Total 34 100 
S
am
p
le
 s
u
rf
ac
e 
 
n
o
.6
+
8
 
5.2-6.1 5.66 2 6.90 
6.1-7.0 6.58 4 13.79 
7.0-8.0 7.5 6 20.69 
8.0-8.9 8.42 7 24.14 
8.9-9.8 9.34 10 34.48 
Total 29 100 
 
After the frequency polygons (Fig. 2), the most of the surveyed trees have a height 
around 8.9 m in the sample surface no. 1, and in sample surface no 2 and no. 3, the most of 
the heights are around 7.28 m. Inside the afforested land the trees height is around 9.35 m, 
in sample surface 5, and in sample surface no. 6 and no. 8 the ash trees have the most of 
the heights around 9.34. 
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Figure 2. Frequency polygons regarding the tree height [m], for Fraxinus excelsior 
samples, Crairat improved perimeter (Turda Forest District - Cluj County) 
 
  
  
Figure 3. Frequency polygons regarding the tree diameter [cm], for Fraxinus excelsior samples, 
Crairat improved perimeter (Turda Forest District - Cluj County) 
  
As is was showed for the height of the ash trees, in table 3 and in frequency 
polygons from figure 3, were determined the class centers of trees diameters [cm], and it 
was also establish the values around the most of the trees diameters were registered. In 
table 4 are presented the mean values determined for the height of the ash trees.  
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Table 3 
Frequency of measured values regarding the tree diameter [cm], for Fraxinus excelsior samples, 
Crairat improved perimeter (Turda Forest District - Cluj County) 
 Class intervals 
[cm] 
Class center 
[cm] 
Absolute frequency 
Relative frequency 
[%] 
S
am
p
le
 
su
rf
ac
e 
 n
o
.1
 2.0-5.0 3.5 8 17.39 
5.0-8.0 6.5 3 6.52 
8.0-11.0 9.5 12 26.09 
11.0-14.0 12.5 15 32.61 
14.0-17.0 15.5 8 17.39 
Total 46 100 
S
am
p
le
 
su
rf
ac
e 
 
n
o
.2
+
4
 
2.0-5.6 3.8 4 8.89 
5.6-9.2 7.4 6 13.33 
9.2-12.8 11.0 9 20.00 
12.8-16.4 14.6 14 31.11 
16.4-20.0 18.2 12 26.67 
Total 45 100 
S
am
p
le
 
su
rf
ac
e 
 n
o
.5
 7.0-9.8 8.4 3 8.82 
9.8-12.6 11.2 9 26.47 
12.6-15.4 14 10 29.41 
15.4-18.2 16.8 10 29.41 
18.2-21.0 19.6 2 5.88 
Total 34 100 
S
am
p
le
 
su
rf
ac
e 
 
n
o
.6
+
8
 
4.0-7.2 5.6 7 24.14 
7.2-10.4 8.8 6 20.69 
10.4-13.6 12.0 8 27.59 
13.6-16.8 15.2 3 10.34 
16.8-20.0 18.4 5 17.24 
Total 29 100 
 
Table 4 
Statistical index of measurements series (?̅?) regarding the tree height [m], for Fraxinus excelsior 
samples, Crairat improved perimeter (Turda Forest District - Cluj County) 
Sample surface 
Sample 
surface  no.1 
Sample 
surface  no.5 
Sample surface  
no.2+4 
Sample 
surface  
no.6+8 
No. of measurements 46 34 45 29 
x 309.7 303.9 332.8 232.8 
?̅? 6.7 8.9 7.4 8.0 
 
 
In the sample surface no. 1, according with varability coefficient (s%), the 
measurements present a very high variability for the effectuated measurements (Table 5). 
The samples from sample surface no. 5 show a very low variability (Table 5). In sample 
surface no. 2 and no. 4, the tree height has a high variability, and in sample surface no. 6 
and no.8, shows a mean variability (Table 5). 
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Table 5 
 Dispersion indices of measurements series regarding the tree height [m], for Fraxinus excelsior 
samples, Crairat improved perimeter (Turda Forest District - Cluj County) 
 
Sample surface 
Sample 
surface  no.1 
Sample 
surface  no.5 
Sample surface  
no.2+4 
Sample surface  
no.6+8 
No. of measurements 46 34 45 29 
Variance (s2) 6.15 0.15 4.42 1.5 
Standard deviation 
(s) 2.48 0.39 2.1 1.23 
Variability 
coefficient (s%) 
36.82 4.36 28.41 15.27 
 
Table 6 
Comparison between empirical and theoretical distributions of the tree height [m], for Fraxinus 
excelsior samples, Crairat improved perimeter 
 
Sample surface 
Sample 
surface  no.1 
Sample 
surface  no.5 
Sample surface  
no.2+4 
Sample surface  
no.6+8 
No. of measurements 46 34 45 29 
?̅? 6.7 8.9 7.4 8.0 
Standard deviation of 
mean (𝑠?̅?) 0.36 0.06 0.31 0.22 
±d to Control (11 m) 4.3 2.1 3.6 3.0 
“t” 11.7 30.9 11.5 13.1 
Differences significance OOO OOO OOO OOO 
P5% 2.01 2.03 2.01 2.04 
P1% 2.69 2.72 2.69 2.76 
P0.1% 3.52 3.59 3.52 3.66 
 
Table 7 
Standard deviation of differences for empirical distributions regarding the tree height [m], for 
Fraxinus excelsior samples, Crairat improved perimeter (Turda Forest District - Cluj County) 
compared with transgression probabilities of 5%, 1% and 0.1% 
Sample surface 
Sample 
surface  no.1 
Sample 
surface  no.5 
Sample surface  
no.2+4 
Sample surface  
no.6+8 
No. of measurements 46 34 45 29 
?̅? 6.7 8.9 7.4 8.0 
𝑠?̅? Control 0.256 0.317 0.310 
±d Control 2.2 0.7 1.3 
t Control 8.6 2.1 4.2 
Differences significance  *** * *** 
P5%  1.99 1.99 1.99 
P1%  2.64 2.63 2.65 
P0.1%  3.41 3.4 3.43 
 
The mean values for empiric distributions of trees height were compared with the 
theoretic distributions, to establish the significance of differences recorded between stands 
trees and theoretic height of the trees of the 4th relative class of production (the theoretical 
height is 11 m – Control - for ashes around 30 years old). The results compared with 
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transgression probabilities of 5%, 1% and 0.1% are showed in table 6 and the comparison 
to Sample surface no. 1 (Control) the results are showed in table 7. In figure 4 are 
represented the Simple linear regressions analyze between trees height [m] and trees 
diameter [cm]. 
  
Sample surface  no.1                                            Sample surface  no.5 
 
Sample surface  no.2+4                                    Sample surface  no.6+8 
 
All 155 measurements 
Figure 4. Simple linear regressions analyze between trees height [m] and trees diameter [cm], 
Crairat improved perimeter (Turda Forest District - Cluj County) 
 
CONCLUSIONS 
 
According with the values of correlation coefficient (r) compared with theoretic 
values for P5% and P1% was obtained the following significances: 
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(1) in sample surface no. 1 with 45 D’s F was determined a directly link, distinct 
significant,  between trees total height [m] and diameter at breast height (DBH) [cm] – 
empirical correlation coefficient r=0.80** compared with rP5%=0.31 and rP1%=0.40; and the 
regression equation is y = 0.5151x + 1.6037; 
(2) in sample surface no. 5 with 33 D’s F was determined a significant directly link  
between trees total height [m] and diameter at breast height (DBH) [cm] – empirical 
correlation coefficient r=0.38* compared with rP5%=0.33 and rP1%=0.43; and the regression 
equation is y = 0.0437x + 8.3374; 
(3) in sample surface no. 2 and no. 4 with 44 D’s F was determined a directly link, 
distinct significant,  between trees total height [m] and diameter at breast height (DBH) 
[cm] – empirical correlation coefficient r=0.70** compared with rP5%=0.31 and rP1%=0.40; 
and the regression equation is y = 0.305x + 3.5454; 
(4) in sample surface no. 6 and no.8 with 29 D’s F was determined a directly link, 
distinct significant,  between trees total height [m] and diameter at breast height (DBH) 
[cm] – empirical correlation coefficient r=0.57** compared with rP5%=0.36 and rP1%=0.46; 
and the regression equation is y = 0.1532x + 6.2787; 
(5) per total for 154 degrees of freedom (D’s F) was determined a directly link, 
distinct significant,  between trees total height [m] and diameter at breast height (DBH) 
[cm] – empirical correlation coefficient r=0.67 compared with rP5%=0.16 and rP1%=0.21. 
Analyzing the regression equation established between trees total height [m] and 
diameter at breast height (DBH) [cm] - y = 0.3062x + 4.0288 - in the conditions of 
afforestation of studied degraded site, if the diameter at breast height increases with 1 cm 
the total height will increas with 4,35 cm.  
The biometric measurments regarding trees total height compared with theoratical 
data regarding relative class production for trees with 30 years old showed very negative 
significances, the differences being recorded between 2 and 4 m. 
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